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high expression of IGFBP2 protein in

; ; 100% of the hormone-refractory clini-
Hormone Therapy Failure in cal tumors, in 36% of the primary

Human_ Prostate Cancer: tumors, and in 0% of the benign pros-
Analysis by Complementary tatic specimens (two-sidedP = .0001).

DNA and Tissue Microarrays Overexpression of HSP27 protein was
demonstrated in 31% of the hormone-
refractory tumors, in 5% of the pri-
mary tumors, and in 0% of the benign
prostatic specimens (two-sidedP =
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Juha Kononen, Pasi Koivisto, Spyro

Mousses, Yidong Chen, Eija .0001). Conclusions: The combination
Mahlam&i, Peter Schraml, Holger  of cDNA and tissue microarray tech-
Moch, Niels Willi, Abdel G. nologies enables rapid identification
Elkahloun, Thomas G. Pretlow, of genes associated with progression
Thomas C. Gasser, Michael J. of prostate cancer to the hormone-
Mihatsch, Guido Sauter, Olli-P. refractory state and may facilitate

analysis of the role of the encoded gene
products in the pathogenesis of human
prostate cancer. [J Natl Cancer Inst
1999;91:1758-64]

Kallioniemi

Background: The molecular mecha-

nisms underlying the progression of ) ]
prostate cancer during hormonal Despite the widespread use of prostate-

therapy have remained poorly under- specific antigen screening fpr early detec-
stood. In this study, we developed a fion, prostate cancer remains the second
new strategy for the identification of |€ading cause of cancer-related death
differentially” expressed genes in hor- @mMONg men in western countrigd).
mone-refractory human prostate can- Metastatic, hormone-refractory prostate
cer by use of a combination of comple- Cancer is the.epd-stage, lethal form of the
mentary DNA (cDNA) and tissue d!sease. Deﬁr_nng the molgpular mecha-
microarray technologies.Methods:Dif-  NiSms underlying the transition of an an-
ferences in gene expression betweendrogen-responsive prostate cancer to a
hormone-refractory CWR22R prostate ormone-refractory prostate cancer repre-
cancer xenografts (human prostate sents bot.h_ an intriguing biologic question
cancer transplanted into nude mice) gnd a critical clinical problen{(2). It is
and a xenograft of the parental, hor- |mportanF to better understand the b'IO-
mone-sensitive CWR22 strain were 09ic basis of prostate cancer progression,
analyzed by use of cDNA microarray SiNce no effective therapies _eX|st for end-
technology. To validate the data from St@ge, hormone-refractory disease.
cDNA microarrays on clinical prostate There are severah vitro andin vivo
cancer specimens, a tissue microarray Models for the study of hormone-
of specimens from 26 prostates with refractory prostate cancer. For example,

benign prostatic hyperplasia, 208 pri- humerous hormone-independent strains
mary prostate cancers, and 30 hor- of the LNCaP human prostate cancer cell

mone-refractory local recurrences was
constructed and used for immuno-
histochemical detection of protein ex- Affiliations of authors.L. Bubendorf, M. Kolmer,
preSS|On Results: Among 5184 genes J. P'(Ononen, S. MO.USSES, Y. Chen, O.-P. Kallioni-
surveyed with cDNA microarray tech- emi, Cancer Genetics Branch, National Human.Ge—
nology, expression of 37 (0.7%) was nome Research ll_n'stltute, Bethesda, MD; P.
. ! . Koivisto, E. Mahlani#i, Laboratory of Cancer Ge-
increased more than twofold in the netics, Tampere University Hospital, Finland; P.
hormone-refractory CWR22R Xeno- schraml, H. Moch, N. Willi, M. J. Mihatsch, G.
grafts compared with the CWR22 xe- Sauter (Institute of Pathology), T. C. Gasser (Uro-
nograﬂ; expression of 135 (26%) genes logic Clinics), University of Basel, Switzerland; A.
was reduced by more than 50%. The G. Elkahloun, Research_Genetics, Inc., Huntsville,
genes encoding insulin-like growth AL; T. G. Pretlow, |'nStItl.Jte of Pathology, Case
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line have been developg8). Several hor- heat-shock protein (HSP27), were thefnown genes (r= 1960) or expressed sequence tags
mone-refractory xenograft model systemsalidated to be involved in clinical pros- (ESTs; n= 3224), which were not sequence veri-

also exist. Human xenografts are contate cancer progression on the basis of in{lfbdélgg?s&;aﬁ;’i‘\’/eerg Rﬁ?:‘g;%dg’fvﬁgdg&'
structed py the |ntr0du_ct|0r_1 of humar_wmunohlstochemlcal analysis of the_en-After overnight hybridization at 68°C in Ex-
prostate tissue or cells into immunodeficoded proteins in a prostate cancer tISSLH?essHyb solution (Clontech Laboratories, Inc.), the

cient mice where they can be seriallymicroarray containing 264 clinical Speci-fiers were washed and exposed to a high-resolution
transplanted. For example, the CWR22ens from various stages of tumor proscreen (Molecular Dynamics, Sunnyvale, CA) for 3

xenograft tumor grows in nude mice andgression. days and scanned on a Storm Phosphorimager®
recurs as hormone-refractory disease after (Molecular Dynamics). The spot intensities reflect-
castration of the mic&). The availability MATERIALS AND METHODS ing gene expression levels on the Atlas human

. . cDNA array filter were quantified with Image-
of such model systems will become in- Y d 9

creasingly powerful, as high-throughput Xenograft tumors. CWR22 is a serially trans- Quant® software (Molecular Dynamics), and those

genomic technologies, such as large-sca antable, human prostate cancer that was derived] the Research Genetics prostate-specific filter

. - .., from a Gleason score 9 primary prostate cancer with'€'® quantified with a custom ‘soft.ware (Dearray
parallel gene expression analysis With.c.o,s metastagB). CWR22 is highly responsive SOftware: Y. Chen). The normalization of the spot

complementary DNA (cDNA) microar- to androgen deprivation, with marked tumor regresiNtensities within an experiment (CWR22R versus
rays or serial analysis of gene expressiosion after castratior{4). About half of the treated CWR22) was done on the basis of the average of the
(5,6),become more widely available. Theanimals develop recurrent tumors (CWR22R) over g}te:sgﬁsfzggspms. The genedexprhes:on profiles
o - . . ) i the s were compared with the gene ex-
quantity of information obtained from fime from a few weeks to several months. CWR22F° p g

. . is not dependent on androgen and is able to grow iRression profile of CWR22. To define genes/ESTs
the analysis of the expression of thoug . animalét). Nude mice were housed and @S underexpressed or overexpressed, an at least two-

sands of genes at once creates uniqlégred for as described earli@;9). Their care was in  fold expression difference was required. In addition,
opportunities for research but also posesccord with institutional guidelines. Fresh-frozenvisual confirmation of all differentially expressed
substantial challenges. For examplehuman prostate xenograft tissues (one sample frogPots on filters was performed. The gray-scale im-
which of the hundreds of differentially CWR22 and four independent hormone-refractoryages were pseudocolored (red for hormone refrac-
expressed genes identified in large-scafg/R22R strains) were obtained. tory and green for hormone responsive) and overlaid
. . Comparative genomic hybridization. Compara- for better visualization of the relative expression in-
ge_ne expression Survey$ are ImportarEi‘i/e genomic hybridization was used to characterizéensities with Adobe Photoshop software (Adobe
primary events and which are doWn-e tymor progression in this model system and waSystems Inc., San Jose, CA).
stream or secondary changes? Furthegarried out essentially as described previoyds), Reverse transcription—polymerase chain reac-
more, are novel genes discovered frommith some modifications. In brief, tumor (test) andtion (RT-PCR). cDNA was prepared by reverse
experimental model systems of cancepormal _male_z (referenc_e) DNAS were labeled by nickranscriptase rea_ction by use of oIigo(c_JT) primgr
progression also invalved in the cancef et . T e aphalee (Vysispeaitc primers for the 1GFBP (Gene Bank.
progr.essmn of huma.n patients? By use q§nc Downers Grove, IL). Labeled DNAs were hy- #M35410) and HSP27 gene (Gene Bank #M54079)
traditional me_thOdS 'n.mOIeCylar pathOI'bridized to denatured normal peripheral blood metat an annealing temperature of 55 °C for 27 cycles
ogy, substantial work is required to anauphase slides. After acquisition of digital images orgenerating 391-base-pair (bp) and 260-bp products,
lyze the frequency of involvement or thewavelengths matching the’-diamidino- respectively. Aliquots of the reaction products were
clinical significance of just a single genephenylindole, SpectrumGreen and SpectrumResubjected to electrophoresis on a 2% agarose gel and
or protein. We recently developed a tissugmissiqns, grgen-to-red-ratio profilgs were quantivi_syali;ed by staining with ethidi.um bromide. Am-
microarray-based technology for high e Ll o e e e by e of speciic primers was.ssed 25 & sonmol
throthpUI m_OIecmar analyses_of huma@rage green-to-red ratio in each metaphase was set toProstate tissue microarray. Formalin-fixed and
Ca_ncer(7)' _Th|S tum‘?f tlss_ue mICroarray 1 o chromosomal regions where ratios exceedeparaffin-embedded tumor and benign control speci-
(“tissue chip”) technique is based on the 2 were considered as gained, and those regiomsens were obtained from the archives of the Insti-
arraying of cylindrical biopsy specimenswnhere the ratio was less than 0.8 was considered astes for Pathology, University of Basel (Switzer-
from hundreds of different tumors into alost. land) and the Tampere University Hospital
single paraffin block. Consecutive sec- CPNA microarrays. RNA was prepared from‘ (Finland). All sections of tymors and controls were
tions of this tissue microarray block CanCWRZZ/CWRZZF{_ xenc_)grafts as _des'cnbed by Ch|rreV|gwed by one pathologist (L._ Bubendorf). Tumor
. . win et al.(11), with minor modifications. mMRNA grading was performed according to the method of
then be used for_the analysis of multipl as purified with the use of oligo(dT) selection with Gleason(12). The specimens included 208 primary
molecular alterations at the DNA, RNA, pynaBeads (Dynamic Analysis Inc., Huntsville, prostate cancers, 30 transurethral resection speci-
and protein levels in hundreds of tumorsaL) according to the manufacturer's instructions.mens from locally recurrent hormone-refractory
per experiment. Two different cDNA microarray formats were usedcancers operated on from 1976 through 1997, and 26
In this study, we combined the cDNA (Clontech Laboratories, Inc. [Palo Alto, CA], and transurethral resections for benign prostatic hyper-
and tissue microarray technologies tcgiesearch Genetics, Inp. [Huntsville, AL]). The Atlasplasia as benign controls. The group of prim_ary
identify molecular alterations associate@umgn cDNA expression array_from Clontech Lgbo(non-h_ormone-refractory) prostate cancers consisted
. . ratories, Inc. contains 588 duplicate spots on a singlef 56 incidentally detected tumors in transurethral
with the progressmn of human prOStatqnembrane, each representing 8-10 ng of cDNA ofesections for presumed benign prostatic hyperplasia
cancer. First, the CWR22/CWR22R hUxnown and sequence-verified genes. These arraystage Tla or b), 137 radical prostatectomy speci-
man prostate cancer xenograft mo@é)l were hybridized with P]deoxycytidine triphos- mens from patients with clinically localized disease
was used to screen for differential mesphate (dCTP)-labeled cDNA probes prepared from Zstage T2), and specimens from 15 patients with
senger RNA (mRNA) expression of morerd of p0|yader_1ylic acid-RNA. In addition, we used locally extensive disease (stage T3 or T43).More _
than 5000 genes between hormone‘(:-PDNA array filters frorr:)Re;Earch ngetll(cs, Inc(.tBrllanfonhe sggr,réple per tumlor s;]pemmen Wasr;arrayed |In
. rostate array, version I), with transcripts known ta34 of the patients. In these cases, the sample
refractory and hormone_r.eSponswe prosﬁe expressed in the prostate on the basis of exvith the strongest immunohistochemical staining
tate cancers. T_WO c.:0n.5|stently 0V(:"r(:"xﬁ)ressed sequence tag (EST) sequences found in n@ras chosen for the immunohistochemical classifica-
pressed genes, insulin-like growth factormai or malignant cDNA libraries. These filters con-tion. The array also included 114 autopsy specimens
binding protein 2 (IGFBP2) and the 27-kdtained 5184 spots (each with 5 ng of cDNA) offrom hormone-refractory metastatic prostate can-
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cers. These were excluded from this analysis, sincmc_)_ This analysis revealed 10 overex

immunohistochemistry is often unreliable in tissue ressed and 14 underexpressed genes if at > 3 >
from routine autopsies because of protein degrad;p- P g 4\@' j 'ﬁ v @7&
& & & &S

) ) : (?ast two or more of the four hormone-
tion. The prostate tissue microarray was constructei Lfractory CWR22R ft. o
as previously describe(¥). In brief, core tissue bi- retr ry xenogralls as com

opsy specimens (diameter, 0.6 mm) were taken froR@red with the hormone-responsivg IGFBP2
the least differentiated regions of individual para-CWR22 xenograft (Table 1). Among
fin-embedded prostate tumors (donor blocks) anghese, HSP27 was substantially overex HSP27

(¢
%,

O,
2.

O

precisely arrayed into a new recipient paraffin b|0Ckpressed in three of the four CWR22R

(35 x 20 mm) with a custom-built precision instru-strains (median ratio, 2.6) and IGFBP

ment (Beecherlnstruments, Silver Spring, MD).Af-in all four CWR22Rs (median ratio, ’ “ o A emm Control
ter the block construction was completed.bt sec- . .
tions were cut with a microtome by use of an2-6)- Two other members of the insulin4

adhesive-coated tape sectioning system (Instrumetik€ growth factor (IGF) pathway— Fig. 1. Reverse transcription—polymerase chain re-
ics, Hackensack, NJ) to support the adhesion of thinsulin-receptor and IGF-ll—were alsoacti-on.analysis of insulin-like growth factor-binding
array elements. The presence of tumor tissue on_tr‘markedly overexpressed in two of theprotein 2 (IGFBP2), 27-kd heat-shock protein
arrayed samples was verified on an hematoxylinfgr CWR22R xenografts. RT-PCR(HsSP27), and asparagine synthetase (internal con-

eosin-stained section. analysis confirmed the finding that the ex+rol) expression in one hormone-responsive

Immunohistochemistry. Antigen retrieval was . . )
performed by treatmentyin a p?essure cooker for Hr€SSION of IGFBP2 and HSP27 was in{CWR22) and in four hormone-refractory prostate
minutes. Standard indirect immunoperoxidase procréased in hormone-refractory CWR22pgancer xenogratfts (CWR22Ra~d).

cedures were used for immunohistochemistrystrains as compared with hormone-

(ABC-Elite; Vector Laboratories, Inc., Burlingame, sensitive CWR22 strains (Fig. 1). To further explore the differential gene
CA). A goat polyclonal antibody, C-18 (1:1000;  |n addition to these consistently differ-expression patterns in hormone-refractory
Santa Cruz Biotechnology, Inc., Santa Cruz, CAlntia|ly regulated genes in two or moreprostate cancer, we analyzed the same tu-

was used for detection of IGFBP2. HSP27 protein . . .
was detected by use of a monoclonal mouse anic€nograft specimens, 47 genes were overaors with a much larger cDNA microar-

body HSP27 (1:100; BioGenex Laboratories, Sa€XPressed and 89 genes were undereray (5184 spots, Research Genetics, Inc.)
Ramon, CA). The reactions were visualized by difpressed in only one of the four hormone<€ontaining a comprehensive collection of
aminobenzidine as a chromogen. The primary antirefractory CWR22R xenografts. genes and ESTs found to be expressed in
bodies were omitted for negative staining controls.

The intensity of the cytoplasmic IGFBP2 and

HSP27 staining was classified into four groups Table 1.Most consistently overexpressed and underexpressed genes in the complementary
(negative, weak, intermediate, and strong staining). DNA microarray experiments and the ratios of gene expression in hormone-refractory human prostate
The number of tumors that could be analyzed forcancer xenografts (CWR22Ra—d) compared with gene expression in a xenograft of the hormone-sensitive

IGFBP2 and HSP27 expression differed slightly strain CWR22
from each other because of loss of representative -
prostate cancer tissue on consecutive sections of Ratios
SO'S“e P“.”CT sanl‘p'?s'c . ble analvei Chromosomal CWR22 CWR22 CWR22 CWR22
tatistical analysis. Contingency table analysis ;one name location Ra Rb Re Rd Median
was used to analyze the relationship between immu-
nohistochemical staining, grade, and stage (total chverexpressed
squared test). AIP values were two-sided. IGFBP2 2033-q34 2.7 2.4 2.6 5.3 2.6
Heat-shock 27-kd protein 7q 2.6 2.7 15 4.8 2.6
RESULTS Insulin receptor 19p13.3—p13.2 1.8 1.5 2.9 5.3 2.4
Transcription factor LCR-F1 7932 3.2 3.1 0.8 0.9 2.0
; ; BSP-1 4928 2.8 2.9 1.1 11 2.0
AnaIySIS of C.hromosomal Alterations P14-cyclin dependent kinase 9p21 2.4 2.7 1.2 1.3 1.9
by Comparative Genomic inhibitor
Hybridization Insulin-like growth factor-II 11p15.5 1.1 0.7 2.7 2.1 1.6
o Homeobox protein HOX-A4 7pl15-pl4 2.0 2.1 1.2 1.1 1.6
The hormone-sensitive CWR22 xeno- Tumor suppressor protein DCC ~ 18¢21.1 2.2 2.6 0.7 0.7 15
graft contained five chromosomal aberra- ETS variant gene 3 1921-g23 21 2.1 0.9 0.9 15
tions, including gain of 1q, gain of whole Underexpressed
hrom mes 7 nd 12. and | f 2. Oncostatin M 22912.1—ql2.2 0.2 0.3 11 0.5 0.4
_(I:_ho 0so f.es ’b8’ a d  and OS|SO q Integrin alpha 2B 17921.32 0.5 0.3 1.4 0.2 0.4
€ S_ame Ive aberrations were also pre- T-lymphocyte-secreted 17 0.3 0.6 0.7 0.5 0.5
sent in the hormone-refractory CWR22R  protein 1-309
xenograft, indicating that the recurrent tu- CDA40 ligand _ Xq26 0.4 0.6 0.8 0.3 0.5
mor was a clonal derivaiive of the pri- | BICLERTEIARREN  SEION 1, 04 64 o8 os o
mary CWR22. In addition, the CWR22R  g_selectin 1q22-q25 0.8 0.6 0.3 0.4 05
showed a gain of chromosome 14q, which Fms-like tyrosine kinase 4 5034—q35 0.3 0.7 0.5 0.4 0.6
was not present in the primary CWR22 Interleukin 2 receptor alpha chain  10p15-p14 0.4 0.5 11 1.3 0.8
dat t sh Hepatoma-derived growth factor ~ Xqg25 0.4 0.5 1.0 1.8 0.8
( ala not s Own)' Interleukin 7 receptor alpha chain 5p13 0.4 0.5 1.0 1.9 0.8
. . Cyclin H 5013.3—q14 1.0 1.7 0.5 0.3 0.8
CDNA Microarray Analysis of Gene SHB adaptor protein 9p12-p1l 1.4 17 0.5 0.5 1.0
Expression Changes Clusterin 8p21-p12 0.4 0.3 2.0 2.0 1.2

. CDNA m'Croarlray exPe”mlemS WEre  «GrBP2 = insulin-like growth factor-binding protein 2; LCR-FZ locus control region F1; BSP-%
first performed with a nylon filter-based gransforming growth factop signaling protein-1; DCC= deleted in colorectal carcinoma; ETS E-
588 clone array (Clontech Laboratoriesiwenty-six specific; SHB= src homology B.
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cDNA libraries from normal or malignant IGFBP2 and 258 for the HSP27 immuno-DiscussioN
prostate. Altogether, 172 overexpressestaining. The transition from a hormone-
or underexpressed genes or ESTs (ap- In these arrayed clinical specimens, Qansitive human prostate cancer to a hor-
proximately 3%) in at least three of thestrong association was seen between "?ﬁone-refractor ?ecurrent strain in the
four hormone-refractory derivatives werecreased IGFBP2 and HSP27 protein ex: WR22 xenoyraft model svstem re-
discovered as compared with the unpression and the progression of prostat bles th I'g' | Sy fh
treated, hormone-sensitive human prosancer to hormone-refractory diseas embles eC|n|c‘:1a pxogri55|onp Eman
tate cancer xenograft. Thirty-seven tran{Fig. 3). A strong cytoplasmic IGFBP2 ptroCTtage cance( t) S S ovynhlnb t'd!s
scripts (0.7%) were substantially (ratiostaining was present in all of the 30 Io-zoun ﬂhgrgovr\?a%a;aé}/oesgec?grgf y ”t' lza-
>2) elevated and 135 (2.6%) were undereally recurrent, hormone-refractory pros-_ ..’ =~ . genetic re-
expressed (ratio <0.5) in the CWR22R xetate cancers, in 74 (36%) of the ZOéa“onShIIO between the primary and recur-
nografts. A pseudocolored overlay of ongrimary tumors, and in none of the 26rent xenograft tumors. Furthermore,. many
CWR22/CWR22R comparison and thebenign prostate specimens (Fig.B;= of thg aItergtl'ons' seen by comparative ge-
corresponding ratio distribution are.0001, two-sided). HSP27 was stronglynomlc hybr_|d|zat|on in this model system,
shown in Fig. 2. expressed in nine (31%) of 29 recur-s.uc.h as gains of chromosome 7 3”0' 3,_are
rent tumors, in 11 (5%) of 204 primarys'm”ar tq those commonly found in clini-
Histology and Immunohistochemistry  tumors, but never in the secretory prosE:al specimens from patients with prostate
tate epithelial cells of 25 benign pros_cancer. The cDNA microarray technology

To evaluate whether the gene expregatic hyperplasia specimens (Fig. B;= aIIowg rapid, large-scale screening of ex-
sion changes seen in the hormone:0001, two-sided). There was no statistiP"€ss1on Of. hundreds_ or thousands of
refractory CWR22R tumors reflectedcally significant association between iggenesina single ixperlquﬁ). H.?.r%’ upb
molecular changes involved in tumor pro+BP2 or HSP27 expression and tumo"o. 170 genes (3.3%) were identified to €
gression in patients with prostate cancegrade or T stage in the primary tumorsd"cferem"”IIIy expressed between the_pn-
we created a tissue microarray to analyzédata not shown). A subgroup of zenary and recurrent (hormone-sensitive
the expression of two overexpressegatients had received primary neoadju‘?mOI hormone-refractory) xenograft tu-
genes, IGFBP2 and HSP27, at the proteinant endocrine therapy before radical"°">: This high nu_mber of differentially

level in 238 different human prostate canprostatectomy, but their IGFBP2 andexpressed genes illustrates the complex
cers and in 26 benign prostate tissues. TH8SP27 expression data were similar t&noleqular basis of prostate cancer pro-
total number of evaluable specimenshose of the untreated patients (data ndt o >sion. The regrowth of the hormone-

on the tissue microarray was 264 for theshown). \r/?iftriizt?r?érgjpr;?rz;yu::ggezgi?g?egzncgrig?e-x

reprogramming of multiple key regula-
tory mechanisms involving cell growth,
apoptosis (i.e., programmed cell death),
and other signaling pathways. It will be
important to identify the molecular
mechanisms that contribute to the devel-
opment of recurrent tumors and to exam-
ine if some of the signaling pathways in-
volved would provide starting points for
the development of novel diagnostic or
therapeutic approaches for patients with
advanced, hormone-refractory prostate
cancers.

The translation of gene-expression
findings from model systems to human
patients with cancer presents several chal-
lenges. First, although this xenograft
model system displayed phenotypic prop-
erties resembling human prostate cancer
progression, it remains important to vali-
date whether the same alterations of gene
expression and the same signaling path-
ways contribute to the disease progression
in human cancer patients. Second, to uti-
lize the cDNA microarray data for the de-

| velopment of improved diagnostic or
I|||,,,.___ therapeutic approaches, it remains criti-

10 20 50 10 cally important not only to screen for ex-
Log Ratio _ pression of many different genes but also
p to screen many different tumor tissues
and establish an accurate frequency of in-

Fig. 2. Hybridization of the pros-
tate complementary DNA microar-
ray containing 5184 genes (Re-
search Genetics, Inc.). A color
image overlay of the CWR22 hy-
bridization @reen and CWR22R
recurrent xenograftréd) is shown.
Spots with morered color repre-
sent transcripts overexpressed in
the hormone-refractory tumor in
comparison to the primary tumor,
yellow spots indicate genes that
were equally abundant, argteen
spots indicate underexpressed
genes in CWR22R. Genes that
were not expressed in either of the
two tissues appear in thblack
background color. Inset (histo-
gram) shows a normal frequency
distribution of the log, intensity
ratios for CWR22R versus
CWR22 for all of the 5184 spots
on the microarray. The ratios are
displayed on thex-axis, and the
relative frequency of genes with
the given ratios is indicated on the
y-axis. Ratios of genes that have &
twofold or higher expression in the
recurrent than in the primary xeno-
graft tumor are shown a®d bars
and those with a 50% or more re-
duction asgreen bars.
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current xenograft tissues. One would ex-
pect that such genes are more likely to be
associated with hormone therapy failure,
whereas genes that are only overex-
pressed in one case may be important
only for that particular tumor. The deci-

sive step was the evaluation of gene ex-
pression patterns in clinical specimens by
HSP27 use of our newly developed tissue micro-

— array technology.

Evaluation of all candidate genes
emerging from the present cDNA micro-
array experiments in a large series of un-
cultured clinical tumors would take years
if traditional methods were used. Further-
more, after a few hundred genes had been
analyzed, one would run out of the avail-
able tumor tissues. Tissue microarray
technology substantially facilitates the
translation of basic research findings to
clinical applicationg7) and makes it pos-
sible to performin situ analysis of hun-
0.6mm dreds of tumors either at the DNA, the
RNA, or the protein level. This study was
done with immunocytochemical tech-
niques, but expression analyses of newly
identified genes could also be analyzed by
MRNA in situ hybridization when anti-
bodies are not available. Such a strategy
allows one to quickly validate and further
explore in a large number of clinical
specimens tha vivo significance of can-

NIWIOIJS

Benign (&
glands '

Primary
PRCA |

PRCA

o

100 4 100 -
IGFBP2 HSP27 S didate genes discovered with the cDNA
4 4 weal . . .
0 % o ¥ =0 microarrays. Only minute amounts of tis-
£ o0 £ o B strong sues are required to make the tissue mi-
8 40 8 © croarray blocks, causing minimal damage
@ 1 @ 1 . . .
o € to the original tumor blocks. Since one
204 201 D i [‘ can generate multiple replicate tissue mi-
ol 0] croarray blocks, each of which can be sec-

B'enign Pl;i[;ng;y P:{;A Blenign F'Prgnggy P:(rJA tioned 200-300 times, one could easily

glands glands ; ;

26 neoos  neso o5 neoos 2o generate thousands of tissue microarray
sections from the same set of clinical tu-

mor material. Each section can be utilized

Fig. 3. A) Hematoxylin—eosin and immunohistochemical staining of insulin-like growth factor—bindilﬁer the analyS|S of a different molecular

protein 2 (IGFBP2) and 27-kd heat-shock protein (HSP27) on the prostate cancer tissue microarray (orfgiasKer.

magnification x200). Benign prostate glands show no immunoreactivity. Primary untreated prostate cancdthe small size of the samples makes
(PRCA) demonstrates weak immunostaining of IGFBP2 but no immunoreactivity of HSP27. In contigssue microarrays a powerful screening
hormone-refractory prostate cancer with local recurrence (Hr PRCA) shows strong expression of foii However, the small tissue samples
IGFBP2 and HSP27) Frequency distribution of expression of IGFBP2 and HSP27 during progressiorht%

. . ) . _not always be representative of the
hormone-refractory prostate cancer as measured by immunohistochemistry on a prostate cancer tlssucir:_l i-
croarray. whole tumor and, therefore, the preva-

lence of a molecular alteration in a tissue
microarray analysis may be underesti-
volvement of these genes in differenfrom cDNA microarray experiments andmated. However, sampling bias may not
stages of the prostate cancer progressiota perform large-scale studies of clinicalbe a serious concern if the tumor areas are
A substantial amount of work is requiredspecimens. In this study, we first took ad-carefully selected for punching. In our
to fully explore the role of just a single vantage of the fact that the pattern of genprevious studie7,14),we found a high
gene in cancer. Before performing full-expression in the recurrent xenograft tueoncordance between gene-amplification
length cDNA cloning, functional analy- mors was different from one animal tofrequencies on tissue microarrays when
ses, and other tedious experiments, orenother. Therefore, we decided to firscompared with the data from the litera-
would have to prioritize the long list of concentrate on those genes that were difure. The representativeness of tissue mi-
potential target genes that always emergdsrentially expressed in two or more re-croarray data could be improved by in-
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cluding several samples from differenthormone-refractory xenograft tissuesand HSP27 and the hormone therapy fail-
sites of a tumor on each array. FurtherHowever, IGFBP2 was systematicallyure in both the xenograft model system
more, comparisons of the involvement ofand most highly overexpressed, suggesénd in patients’ specimens. Further stud-
one gene against another on the same ang that it may perhaps have a central rolées are needed to evaluate these molecules
ray or comparisons of one molecular alin modulating the IGF signaling in hor- as well as dozens of other differentially
teration between two different stages ofnone-refractory prostate cancer. Alterexpressed genes as diagnostic or thera-
tumor progression will generate relativeations of IGFBP2 may also play a role inpeutic targets for hormone-refractory
frequency estimates that are not biased tiyie development and progression of otheprostate cancer.
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